INTRODUCTION
Northern high latitudes are of great interest to atmospheric scientists because of the high predicted sensitivity of this region to climatic change and the paucity of available data. Despite the remoteness of the Arctic/subarctic atmosphere, significant human influences are beginning to impact this region, especially in winter and early spring [Schnell, 1984; Rahn, 1985; Barrie, 1986; Jaffe et al., 1991] . Only a few studies of the high-latitude environment have been conducted and these generally have focused on the winter/spring Arctic haze period. The NASA Global Tropospheric Experiment (GTE) seeks to understand the atmospheric chemistry associated with the earth's major ecosystems [McNeal et al., 1983] . Recent GTE field measurements are now providing a large data base to investigate atmospheric photochemical and transport processes impacting the northern high latitudes. An instrument named PANAK (PAN-aldehyde-ketone) was flown for the first time during the ABLE3B mission by investigators from the NASA Ames Research Center. The PANAK instrument was designed to measure PAN (also PPN and C2C14) and selected aldehydes and ketones using a pair of airborne gas chromatographs. Results based on the measurements of aldehydes and ketones are discussed in a companion paper [Singh et al., this issue]. PAN was measured by electron-capture gaschromatography. With each PAN measurement it was also possible to simultaneously measure PPN and C2C14. Typically 150 ml of ambient air were collected through a window probe over a 90 s sampling period at a controlled -150øC temperature to obtain detection sensitivities of about 1 parts per trillion (ppt)for PAN, PPN, and C2C14. The experiment was substantially computer controlled and organic nitrogen analysis was performed every 6 min. PAN calibrations were performed by using a diffusion tube filled with liquid PAN in a n-tridecane matrix held at icewater temperature. Air was passed over the diffusion tube at a constant rate of flow to provide a calibration gas stream with PAN mixing ratios in the 10 to 20-ppb range. PAN in the exit stream was measured by using an NOy detector equipped with a molybdenum oxide converter held at 375øC. A nylon filter was inserted in line to remove any traces of nitric acid. Calibration of this chemiluminescence system was accomplished by using both NO2 and NO standards that were intercompared with National Institute of Standards and Testing (NIST) primary standards. An on board dynamic dilution system was used to generate low parts per trillion mixing ratios of PAN. Instrument precision and accuracy are estimated to be +10% and +25%, respectively, at the 95% confidence level for PAN mixing ratios above 50 ppt. Details of this and similar techniques can be found elsewhere [Singh and Salas, 1983; Joos et al., 1986; Ridley et al., 1990; Singh et al., 1990 Singh et al., , 1992a . NO, NO2, and NOy were measured by a laser-inducedfluorescence (LIF) instrument developed by Sandholm et al. [1990, 1992] . In this instrument the 226-nm and 1.1/.tm laser beams are colinearly combined and passed through three separate sample cells dedicated to ambient NO, NO2, and NOy detection. Measurement precision is estimated to be + 16% NO, + 20% NO2, and + 5% NOy for 3 min integration.
Absolute accuracy is estimated to be + 15 % NO, + 18 % NO2, and + 15 % NOy (at the 95 % confidence limit). Nitric acid (HNO3) was measured by the mist chamber technique described by Talbot et al. [1990] . A recent intercalibration of the mist chamber HNO 3 instrument with the National Oceanic and Atmospheric Administration (NOAA) nylon filter method and the National Center of Atmospheric Research (NCAR) Lind instrument showed agreement to within +25% in the 100-to 1000-ppt range [Atlas et al., 1992] . Sampling times varied from 3 to 45 min for HNO3 with a limit of detection of 10 ppt. The overall uncertainty was estimated to be +20% for concentrations >100 ppt increasing to +30% for concentrations near the limit of detection (10 ppt were made during the ABLE3B deployment. Different sampling periods were employed in these measurements. Several merged files containing matching data averaged within the PAN, HNO3, and NOy sampling windows were created for the purposes of data analysis. Where fast response data were available (e.g., CO and 03) 1-min data averages were employed. For NO, NO2, and NOy both 1.5-and 3-min sampling sets were used. In the analysis and interprel•ation that follows, all of these data files were used as appropriate. Nitric acid sampling window was the longest and data merged to this window were used in all cases involving HNO 3. Missions 2-10 are used to describe North Bay (NB) measurements, missions 11-19 are used to describe Goose Bay (GB) measurements, and missions 20-22 were transit flights terminating at Wallops Island, Virginia. Since both ABLE3A and ABLE3B sampled Arctic/subarctic air in summer, largely over Alaska and eastern Canada, comparisons are made to reveal important differences in the large-scale atmospheric chemical structures. The meteorological conditions that prevailed during ABLE3B were examined to assess their impact on Figure 9b and the two data points (PAN>600 ppt) in Figure 9d were measured during GB mission 11 when polluted air was sampled in turbulent cloudy weather (see also Figure 5 ). Similarly, the high concentration data points in Figure 9c were associated with missions affected by smoke and haze layers (e.g., NB mission 6). Although C2C14 data showed the existence of sporadic pollution, it was not possible to find distinct correlations among PAN, NOy, and C2C14 largely because of the extremely small variability in C2C14 mixing ratios. Both CO and C2H 2 are tracers of biomass burning and urban air pollution. As stated earlier, no unique tracers of biomass burning (possibly CH3C1) were measured. Figure 9 is largely consistent with the view, also supported by meteorological analysis, that both forest fires and pollution impacted this region. PAN was also correlated with 03 both in the boundary layer and aloft (Figure 10 ) in a manner similar to that observed over Alaska [Singh et al., 1992a] . The correlation at GB was somewhat stronger than that at NB. In NB, because of the influence of smoke plumes, a greater scatter in the data is seen. However, when such cases are excluded the PAN-O3 correlation at NB is comparable to that at GB. These PAN-O 3 relationships are indicative of the influences of continental precursors [Singh et al., 1990 [Singh et al., , 1992a . The NOy-O3 correlations are also shown. It is noteworthy that the mean NOy mixing ratios at GB are much smaller than those at NB for a comparable amount of 03. Mean O3/NOy ratios at NB (107+54) were about 40% smaller than at GB (179+86). This behavior was observed at all altitudes but was more significant in the free troposphere ( 
Budget of Reactive Nitrogen Species
Issues relating to reactive nitrogen budget, shortfall and the associated variability have been studied in detail by Sandohm In GB the picture is quite different and NOy i accounts for nearly all of NOy and actually exceeds it by a small amount in some instances (Table 3) 
* Aerosol nitrate is expected to be largely present in the coarse fraction which is probably not sampled by the NO y instrument.
+NOy i = NO + NO 2 + PAN + PPN + HNO 3
•'Mean + one standard deviation (number of data points). +GIT aircraft data. NO 3-is very low (= 5% of NOy) and is expected to be largely in the coarse aerosol fraction which is probably not sampled.
_
?ND, no data; U, uncorrected for NO 3-' C, corrected data assuming that all NO 3 is sampled by the tower instrument as 
